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Lots of hints of new physics at Am? ~ 1 eV?

LSND (3.80) & MB anti-v (2.70)
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Both experiments prefer similar
parameter range in 2v fit



Lots of hints of new physics at Am? ~ 1 eV?
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Lots of hints of new physics at Am? ~ 1 eV?

Reactor + Gallium anomaly
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The no-oscillation hypothesis is disfavored at 99.8% CL

See talk by G. Mention this conference



Clear we need a new experiment that greatly
surpasses any prior experiment's sensitivity

- Has to be a 2 detector experiment See talks by G. Mills, R. Patterson, F.
- Better if detectors are identical Pietropaolo, & R. Guenette talks this
- Gamma/electron discrimination helps  Wworkshop for >50 ideas

- Lots of beam



Clear we need a new experiment that greatly
surpasses any prior experiment's sensitivity

- Has to be a 2 detector experiment 102
- Better if detectors are identical :
- Gamma/electron discrimination helps
- Lots of beam ol
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Focus of this talk...
Can we get the beam from Project X?
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Project X compared to other intense sources
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Currently only two other sources >= 1 MW, at

energies of 1 GeV (SNS) and 590 MeV (SNS)



Implications of CW on duty cycle

Project X linac operates with 162.5 MHz RF
- 50 ps wide pulse (FWHM) separated by 6.2 ns

50 ps —» < <« 6.2ns
%J ff

Fully reconstruct the neutral Kaon in
K, > n° v v measuring the Kaon
momentum by time-of-flight.

Duty CYCIE 6beam = 0.008
- Matched well to experiments like KO - mOyv

| o] ] End at the
' i' B decay time and
For decay-at-rest (DAR) SBL / decay point
- i i — — Start wh t reconstructed
2.2 us muon lifetime = dpar = 1.00 Startwhen proton P
two photons.
FOI’ d ecaY' | n'ﬂ |g ht (DI F) SBL Timing uncertainty due to microbunch width should not dominate the

measurement of the kaon momentum; requires RMS width < 200ps.

- 2 ns Smearing due tO pion TOF (50 m) CW linac pulse timing of less than 50ps is intrinsic.
and det response = dpjF = 0.33 oo 216 S ome-Frmi



Can reduce d by turning H- up to 5 mA and chopping
out 80% of beam

20ps > <« 31lns
""J-/X—M—M—N—f —

RF power in Linac limits average current
overall to 1 mA (upgradeable to 4 mA) byl

@
£
<
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&
43\

CW RFQ, CW Linac Pulsed r
% 1.0 mA, 3 GeV dipole RF splltter\prze

Sbeam = 0.0016
dpAR = 1.00
opIF = 0.06

To MI neutrino,
8-GeV programs

5-ms pulse
10 Hz

2-GeV programs
95% duty cycle



Can reduce d by turning H- up to 5 mA and chopping
out 80% of beam

20 ps g <« 31 ns
""AI-/X—M—M—N—K —

Can also deliver a train of 64 pulses at 5 mA for 400 ns,
as long as average current over 2us is 1 mA

6beam = 0.0016
ODAR = 1.00
opIF = 0.06

0.4 ps—» -« < 1.6 us— >




Of course, intention is to run multiple expts

Neutrinos

Recycler /

Main Injector 2Mw
120 GeV
-1k | | | =
0 0.5 1 1.5 2 :
m——(
Assume as a matter of program planning o.vsAm
only 1.5 MW is available for any one expt e @5 wuons
Kaons
- 3.6 ys >

04 U.S*D 6beam = 00008
ODAR = 1.00
opIE = 0.03




Cosmic rays were important for LSND

Implication of dpaR = 1.0 for LSND-like experiment

- Dominated trigger (beam v were < 10-3)

OLSND = 0.07

15.5 ps hold-off resulted in 15% deadtime
Stringent cuts required to reduce bkgs

- Michel electrons can fake electron in CCQE

- Cosmic-induced neutrons can fake delayed n capture

Easy to subtract with beam off data
LSND beam on 600 us/off 7700 us

Making the duty cycle 15 times worse
would be very bad...

6beam = 0.0016

® [Beam-on events
Fitted oscillation events

ground
Cosmic ray background

Selection

Beam-On Events

Beam-Off Background

v Background

Event Excess
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Beam-On Events

http://lanl.arxiv.org/pdf/hep-ex/0104049
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Events per bin

Implication of dpjp = 0.06 for MB-like experiment

MiniBooNE has a very tight beam window
- 1.6 us beam window at < 2 Hz

OMB = 3.2 X 10

h EnuQE e data
Entries 37
Mean 0.3667
RMS 0.1565

Plot/analysis by our session chair,
Z.Djurcic, showing random triggers
passing all PID cuts in 18 ps window
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To MI neutrino,
8-GeV programs

RCS 2-8 GeV
10 Hz

©
CW RFQ, CW Linac Pulsed r
@M 1.0 mA, 3 Gev | [dipole RF splitter u2e

5-ms pulse
10 Hz Q,
4@,.

14

I'l

Mu2e - 400 kW, each other 800 kW at 20 MHz
' 2-GeV programs
95% duty cycle

-
=
-

In general the flexibility to create
beam structures in Project X is

¢ unprecedented, but in the case of
DAR/DIF it becomes somewhat
complicated

Bunch Intensity (e7 ppb)

L)

(1] 21K} el LLLE] RN (L]}

Time (nsec)



How much can this improve with an accumulator?

0.4 us »

3.6 us > Sheam = 0.0008
ODAR = 1.00
opIF = 0.03
M....._-.-.

Note: even if the duty cycle were not a problem

for DIF, the rate of bunch trains is 250kHz
- Can't imagine using a horn to focus or sign select
- More conventional quadrupole focus could be
considered but 1.5 MW environment is harsh



How much can this improve with an accumulator?

690 ns -4 6beam = 00008
- 5 ms > 6DAR = 1.00
opIF = 0.03

/I LI B B

Accumulator idea (see S. Holmes talk this conference):
- Wrap CW beam around dedicated acc. ring and then extract in one turn

Limitations
- Can only wrap so long before stripping foil is destroyed (1 ms)
- Need extraction kicker with limited rep rate (200 Hz = 5 ms)
- Reduces beam power by factor of 5 to 600 kW (60 times MB)
- With 200 m circumference, extraction takes 670 ns
-0acc =1.34 x 10-4 (40 times worse than MB)



Back to DAR for a moment

Osc SNS at Oak Ridge
a A 600 kW DAR iS nOt terribly Compe”ing 10° SonigidenceLevelC;Jrvesforvu—-veOsciIIations(gsyears)

LSND 800 kW 800 MeV

Project X 3000 kW 3 GeV

@ Could consider putting detector deep

. —_(‘”_ A Front-End Building
underground and running CW $$$% Contra T \,..,mnmnsumng =
L““éuuéuﬁ',? ‘l
@ OscSNS clearly superior Radio requency

acility

ure Targit

=% MB-like near/far detectors at Oak Ridge
- Relative to LSND

* x5 detector mass

* x1000 lower duty cycle

e x2v flux

 x10 lower DIF background http://physics.calumet.purdue.edu/~oscsns/



One other interesting possibility at Project X

B=0.11 B=0.22 p=0.4 $=0.61

M

Possible to change E scale at Project X

-s Possible to retune 650 MHz portion for delivery of 1-3 GeV beams

0.020-

* Not something that would be done weekly

—0.015
* Conflict of interest with other demands '

T: 0.010

-s Already planning for a 2nd, early extraction at 1 GeV %0005

* No interference with rest of program 0.000

* Beam power cut by 3 ~0.005

cw ><— Pulsed —
325 MHz 650 MHz 1.3 GHz
2.5-160 MeV 0.16-3 GeV 3-8 GeV

* LSND

4 MB v mode

ﬂwﬂcﬁh{lﬁ
T

02 04 06 08 10 12

Control L/E without having to build new detectors at

L/E, (m/ MeV)

14

16 1.75 2.6



Cross-sections for 11+ production

250 250
Just starting to take a look 200 | L, O T |,
at what can be done with 150 }’““A’%} 150 ++* Hh"la
100 |- 3 100
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Thanks to Sergei Striganov for 5200 5 " N ; 120150 mrad
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T 0y 2 = O =*?ﬂ___%
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n* production in proton beryllium interaction at 8.9 GeV/c
S. Striganov



Cross-sections for 11+ production at

T+ p-Be cross-sections:
8 GeV p in black
3 GeVpinred
1 GeV pin blue

200
150
100
50
0

Integrated xsec 3GeV/8GeV = 0.24 200
Integrated xsec 1GeV/8GeV = 0.057 5 5

)

[y
wnm 2
L —]

d’c/dpdQ (mb/(GeV/
)

150

100

S0

0

-30 mrad

0

2

4 6
p (GeV/c)

90-120 mrld

0

2

4 6
p (GeV/c)

200
150
100
50
0

200
150
100
50
0

180-210 mrad

0

2

4 6
p (GeV/c)

n* production in proton beryllium interaction
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S. Striganov



Cross-sections for 1r- production at 1, 3, & 8 GeV
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n production in proton beryllium interaction



Cross-sections for K+ production at 3 & 8 GeV

1.-,-_1E e . —_—
S Project-X O study
Q & CW-Li @ planned
LE P5I =Linac @ operating
-
5
a 1 i
—_ TRIUM
5 ® power
& P = 10MW* -
0.1 F 3
Stopped/Slow —
kaon yield/Watt
0.01 — AR —
0.1 1 10 100
Ebeam [GeV]

- At 3 GeV, Project X is nearing the maximal efficiency for producing K



Cross-sections for K+ production at 3 & 8 GeV

K+ p-Be cross-sections:
8 GeV p in black
3 GeVpinred

Integrated xsec 3GeV/8GeV = 0.065

Relative K+ content reduced by
factor of 3 in 8 GeV -> 3 GeV
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K" production in proton beryllium interaction



Conclusion

This was a very educational experience for me in understanding where
the disadvantages of a CW machine come into play
- 3MW sounds great, but only if it can be used

With respect to a DAR follow-up to LSND
- Very hard at Project X without going underground
- Probably much cheaper to pursue at SNS

With respect to DIF follow-up to MiniBooNE
- Need an accumulator to get to 300-600 kW (~$50M)
- Can get a factor of 15-30 more 1+ produced relative to BNB
- K+ contamination reduced by factor of 3

Next steps...
- Pass mesons through realistic focussing model
- Find event rates and sensitivities for various detector configurations
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